Abstract Fluid can be aspirated from the nipples of most non-lactating women. This nipple aspirate fluid (NAF) is a potential source for the discovery of new breast cancer biomarkers. NAF has two distinct protein profiles. Type I NAF is similar to the fluid associated with cystic disease of the breast, whereas type II NAF is enriched in milk-associated proteins. The prevalence of these two profiles differs in healthy women and in breast cancer patients. This study investigated the relationship of these two NAF profiles to reproductive history, body composition, diet, and levels of lipids, steroids and thyroid hormones in healthy premenopausal women (age 30-40 years) who had regular menstrual cycles and normal mammograms and were not taking contraceptive medications. On average, women with the type I NAF profile were older, had more years since last childbirth, were less likely to have breastfed their babies and had higher dietary saturated fat intake, body mass index, body fat mass, and levels of plasma low density lipoproteins than women with the type II profile (P <0.05). Using multiple logistic regression, type I NAF was predicted independently (P <0.05) by higher body fat mass [Odds Ratio (OR) = 3.0; 95% Confidence Interval (CI): 1.5-6.1], more years since last childbirth (OR = 2.6; 95% CI: 1.3-5.2) and a higher percentage of calories from saturated fat (OR = 4.1; 95% CI: 1.1-14.6). These results suggest that protein profiles of NAF might be influenced by amounts or types of dietary and body fat, but further study of the relationship of the two profiles to breast cancer risk is needed. 
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Introduction
Nipple aspirate fluid (NAF) represents the secretion from the breast ducts and lobules, from which breast cancer arises. NAF can be collected non-invasively and repeatedly from women who are not lactating, and may reflect physiological and pathological changes in the breast. Therefore, NAF is considered an ideal source for discovering new biomarkers of breast cancer. NAF is known to contain proteins, lipids, steroid hormones, growth factors, and carbohydrates [1] , at concentrations much higher than in plasma. For example, the average level of proteins in NAF is 71-170 mg/ml, which is much higher than the 6-8 mg/ml reported for plasma [2, 3] . Several NAF proteins, including hormone-regulated proteins and cancer markers such as prostate-specific antigen and carcinoembryonic antigen, have been identified using antibodies [4, 5] . Sanchez et al. [6] described two distinct types of NAF proteomes based on the profiles of highly abundant proteins. Type I NAF is enriched in the same proteins found in gross cystic disease fluid, including zinc a2-glycoprotein (ZAG), apolipoprotein-D (apoD), and gross cystic disease fluid protein-15 (GCDFP-15), which is also known as prolactin-inducible protein. Type II NAF is characterized by the great abundance of milk-associated proteins, including lactoferrin, a-lactalbumin, and lysozyme C.
Type I NAF proteins have also been identified in other human body fluids, such as saliva, sweat, and nasal lavage fluids [7] [8] [9] . Higher levels of ZAG, apoD, and GCDFP-15 in serum and other body fluids have been associated with apocrine activity [10] . The expression of type I NAF proteins has been studied in cultures of malignant mammary epithelial cells. In these cultures, androgens (dihydrotestosterone or fluoxymesterone) stimulated the secretion of ZAG, apoD and GCDFP-15 into the culture media [11] [12] [13] [14] , progesterone and prolactin up-regulated GCDFP-15 expression [15, 16] , and estradiol decreased the synthesis of GCDFP-15 and apoD [12] [13] [14] . In contrast, Zhou et al. showed that testosterone, progesterone, and tamoxifen decreased apoD mRNA expression in the mammary glands of ovariectomized rhesus monkeys [17] .
Regulation of the synthesis of milk proteins by hormones during pregnancy and lactation is complex. Prolactin is believed to play a primary role in stimulating the expression of milk proteins [18] . Several type II NAF proteins, such as lactoferrin, lysozyme and lactalbumin, are inducible by prolactin, and also by insulin and corticosterone, in cultures of breast cells and in the mammary glands of laboratory animals [19] . In mice, estrogen up-regulated the expression of lactoferrin in the uterus, but not in the mammary glands [20] .
Limited studies showed that both types of NAF are found in healthy women and in breast cancer patients, but with different prevalence. Sanchez et al. found type II NAF in only 10% of women without breast pathology or with benign breast disease, but in slightly more than half of women with breast cancer [6] . More recent studies from the same group showed that cancer patients with type II NAF generally had a better prognosis compared with those with type I [21] . Therefore, these protein profiles might be predictors for both breast cancer risk and prognosis. Little is known, however, about the mechanisms and factors affecting the secretion of these proteins in women. This study investigated the demographic, reproductive, anthropometric, hormonal, and nutritional factors that are associated with the secretion of these two types of NAF.
Experimental Subjects
This was a cross-sectional study of healthy, premenopausal, non-pregnant, non-lactating, 30-40 year old women who had volunteered for a dietary intervention study at the University of Texas Medical Branch (UTMB). Subjects had been recruited from communities within a 50 mile radius of Galveston, Texas, by posted advertisements and postal mailings. The baseline data obtained prior to the beginning of the dietary intervention were used for this study. The subjects had never used contraceptive medications (pills, injections, or patches), or had stopped taking them at least 6 months prior to enrollment. Women who were vegetarians, had irregular menstrual cycles or had first degree relatives with breast cancer were excluded from the study. All women had normal mammograms at entry into the study. Written informed consent was obtained from all subjects. A total of six study visits were scheduled during the luteal phases of two separate menstrual cycles, usually on the days between cycle day 20 and 24, with three visits during each menstrual cycle. The study protocol was approved by the Institutional Review Board of UTMB and the Human Subject Research Review Board of the US Army Medical Research and Materiel Command.
Materials and Methods

Measurements for anthropometrics, hormones and nutrients
Body weight and height were measured at each study visit. At one study visit, total body mass, body lean mass, body fat mass, and %-body fat were measured in duplicate, with the subject in a supine position, by dual energy X-ray absorptiometry (DEXA) (Model QDR4500A, Hologic, Waltham, MA). Average values for the two measurements were used for statistical analyses. Reproductive history was obtained using a self-administered standard gynecologic clinic questionnaire. Nutrient intakes, based on three 24-hour food records, were analyzed using the Nutrition Data System for Research software (the Nutrition Coordinating Center, University of Minnesota, MN), and averaged for statistical analyses. NAF was obtained by gentle suction using a modified breast pump made in our laboratory. Two or three aspirations from each breast were attempted during each of three separate study visits. Fasting blood samples were obtained at every study visit, and the first three samples, all from the same luteal phase, were used for measuring steroid hormones. All samples collected were stored immediately at -80°C until analysis.
Plasma samples were analyzed for levels of progesterone, testosterone, and 17b-estradiol using commercial immunoassay kits (Diagnostics Labs, Webster, TX), according to the manufacturers' instructions. A radioactive immunoassay kit was used to examine progesterone levels (sensitivity 0.1 ng/ml), and enzymatic immunoassay kits were used for testosterone levels (0.04 ng/ml) and 17b-estradiol levels (7 pg/ml). For all the assays, the average intraand inter-assay coefficients of variation (CV) were less than 15%. Each sample was assayed at least twice (and repeated if the intra-assay CV was >15%), and the results were averaged. Hormone levels from three different cycle days of the same luteal phase were averaged for each subject for statistical analyses. Fasting blood samples from two different study visits were also measured for triiodothyronine (T3), tetraiodothyronine (T4), thyroid stimulating hormone (TSH), high density lipoprotein (HDL), low density lipoprotein (LDL), very low density lipoprotein (VLDL), total cholesterol, and triglycerides by the certified UTMB hospital clinical laboratory, and the average of the two measurements were used for statistical analyses.
Protein profiling of NAF One dimensional (1D) SDS-PAGE (12.5 %, 1.0 mm, 200 Volts, 1 hr) was used to separate abundant NAF proteins (30 lg) for the classification of NAF types. After staining with Coomassie blue (Biosafe Coomassie, Biorad, Hercules, CA), visible bands of the gels were excised and trypsin-digested (15 lg/ml of trypsin) at 37°C overnight. Mass spectra of peptide digests were obtained using a matrix-assisted laser desorption/ionization-time of flight mass spectrometer (MALDI-TOF MS) (Applied Biosystems, Foster City, CA). Proteins were identified by peptide mass fingerprinting with a search against the National Center for Biology Information (NCBI) protein database using the Profound algorithm. Positive protein identifications were accepted for those with scores above the 95% confidence level.
Four out of sixteen breast milk samples and four out of forty-two type II NAF samples from age-matched women were randomly chosen for comparison of protein compositions. Human milk samples (N = 16) were obtained and donated by the Mother's Milk Bank at Austin (Austin, TX) and separated on 1D gels. After staining with Coomassie blue, the gel (randomly chosen from breast milk and type II NAF) was scanned using the AlphaImager TM 2200 (Alpha Innotech Co., San Leandro, CA), and the density and percentage of the total density for each individual band were measured using the Alpha Ease FC software. The major bands were excised, digested, and subjected to protein identification by MALDI-TOF MS. The mean percentage staining density for the major proteins, including lactoferrin, albumin, b-casein, and lactalbumin, were compared between type II NAF and human breast milk samples.
Statistical analysis
Means and standard deviations were computed for continuous data, and percentages for categorical data. For univariate analyses, the v 2 test was performed for categorical variables and the Student's t-test for continuous variables for comparisons between groups with type I and type II NAF. Variables associated with NAF protein profiles by univariate analysis (usingP <0.10 as a cut-off) were further entered into age-adjusted multilevel logistic regression models, allowing the identification of independent predictors. For the multivariate logistic regression models, a new ordinal variable was created to code ''years since last childbirth''. Specifically, the first quartile (0 to 3.3 yrs) was coded as ''0'', second quartile (3.3 to 7.2 yrs) as ''1'', third quartile (7.2 to 10.5 yrs) as ''2'', the 4th quartile (over 10.5 yrs) as ''3'', and nulliparous women as ''4''. The linearity of the effect of the new variable was assessed and confirmed. Stepwise selection was used to determine predictors associated with secretion types of NAF. Variables with a two-tailed P value of < 0.05 were kept in the final models. Correlations among parameters of anthropometrics and among demographic and reproductive variables were tested using Pearson correlation analysis. All statistical analyses were performed using SAS Ò (Version 9.1, SAS Institute Inc., Cary, NC).
Results
Identification of NAF proteins and classification of NAF types
The abundant proteins in NAF that were visible in a 1D gel after Commassie blue staining ( Figure 1 ) were subjected to identification by peptide mass fingerprinting [22] . Two protein bands, albumin (abbreviated as Alb in Figure 1 , 67 kDa) and Ig heavy chain (Ig-H, 59 kDa), were found in all NAF samples. ZAG (41 kDa), apoD (24 kDa), and GCDFP-15 (17 kDa) were typically found and were more abundant in type I NAF, while lactoferrin (Lf, 78 kDa), lysozyme C (Lyz, 15 kDa), and a-lactalbumin (Lalb, 14 kDa) were typically found and were more enriched in type II NAF, as shown in Figure 1 . b-Casein (25 kDa, multiple bands in Figure 1 ) was also present but with varying abundance in type II NAFs. Based on the gel mobility, the molecular weights (shown in parentheses) of these NAF proteins were consistent with published data. Type I NAFs were found in 58%, and type II in 33% of the women in our study (see Table 1 below). Some women (9%) had a protein profile that was a mixture of types I and II, showing the presence of lactoferrin, ZAG, apoD, GCDFP-15 and lactalbumin (mixed type in Figure 1 ). Figure 1 also shows the 1D-gel profile of breast milk samples for comparison with type II NAF. Breast milk samples contained lactoferrin, albumin, casein, lysozyme and lactalbumin. Although type II NAF contains mostly milk-associated proteins, their relative proportions in breast milk and type II NAF differed. As shown in Figure 1 , breast milk generally had a higher content of casein proteins (29% ± 7.0% of the total protein staining-density for milk vs. 2.3% ± 4.6% for type II NAF, P <0.05, N = 4 per group), whereas type II NAF had more albumin (9.3% ± 1.6% of the total density for milk vs. 24.7% ± 10.0% for type II NAF, P <0.05, N = 4 per group). There were no differences in the mean percentage densities of lactoferrin and lactalbumin.
Prevalence of the protein profiles in the study population Nipple aspiration was attempted on three separate study visits from a total of 219 subjects. Women were classified as secretors if fluid was obtained at least once after three attempts. Of the 219 subjects, 148 (68%) were secretors, and 128 of these samples were large enough for protein profiling. The success rate for obtaining NAF in our study is consistent with previous reports [2, 23] . Table 1 shows the distribution of NAF protein profiles in our subjects (N = 128). Type I NAF was more common than type II (ratio 1.8 to 1). Mixed type NAF (containing both type I and II signature proteins) was found in less than 10% of the subjects, and these were not included in t-test and multivariate analyses due to the small sample size. Among women who had given birth within the last four years, 63% showed type II NAF (Table 1) .
Characteristics of the study population by NAF secretion types Table 2 describes demographic, reproductive, nutritional, and hormonal characteristics of our study subjects, related to secretion types. Ethnicity did not differ significantly between the type I and type II groups. There were no differences in the distribution of secretion types between past users and those who have never used contraceptive medications. Women with type II NAF had a significantly higher rate of breastfeeding compared to those with type I NAF (by 29.8%, P = 0.002).
Women with type I NAF were older in age compared to women with type II NAF (by 1.2 years, P = 0.01), slightly younger at first childbirth (by 1.8 years, P = 0.08), and had a lower number of complete pregnancies (2.1 compared to 2.6, P = 0.04), and a longer time since last childbirth (by 3.9 years, P <0.0001). Women with type I NAF were also heavier (by 5.8 kg, P = 0.03), had higher BMIs (by 2.1 kg/m 2 , P = 0.02) , more %-body fat (by 3.1%, P = 0.02), more total body fat mass (by 4.9 kg, P = 0.008), more total body lean mass (by 2.1 kg, P = 0.09), higher blood LDL levels (by 11.4 mg/dl, P = 0.05), and higher plasma 17b-estradiol levels (by 10.3 pg/ml, P = 0.08), and they consumed more calories from saturated fat (by 0.9%, P = 0.09). Age and years since last childbirth for women with a mixed NAF type were values that fell between those of women with type I and type II NAF (Table 2) .
There were no significant differences between the groups in age of menarche, height, plasma levels of testosterone and progesterone, serum levels of T3, T4, and TSH, total caloric intake, %-caloric intake from total fat, monounsaturated fat and polyunsaturated fat, and blood levels of lipids other than LDL. In addition, there were 20 secretors who did not have samples large enough for protein profiling. The characteristics shown in Table 2 for subjects with adequate samples were not significantly different from those with inadequate samples (p> 0.05, t-test, results not shown in Table 2 ).
Logistic regression model to predict secretion types Multi-level age-adjusted logistic regression models were constructed to predict NAF secretion types (I or II) as shown in Table 3 . Model 1 included reproductive variables (i.e. age, age at first childbirth, history of breastfeeding, parity and years since last childbirth). Years since last childbirth was the only significant predictor for secretion types (P = 0.0008). Age at first childbirth, history of breastfeeding, and parity were not predictors. Model 2 included variables in model 1 plus anthropometric parameters (i.e. weight, BMI, %-body fat, total body fat mass, and total body lean mass). Both years since last childbirth (P = 0.003) and total body fat mass (P = 0.0007) were found to be significant predictors for secretion types. BMI, body lean mass, %-body fat, and weight were not predictors. Model 3 included variables in model 2 plus dietary fat intake. Percentage caloric intake from saturated fat (P = 0.03) was another significant predictor for secretion types, in addition to years since last childbirth (P = 0.008) and total body fat mass (P = 0.002). Model 4 included the variables in model 3 plus estradiol and blood LDL levels, neither of which was associated with secretion types. Estradiol level as a continuous variable was not a significant predictor of secretion types in model 4 (P = 0.11). However, when the estradiol level was divided into quartiles and coded as a categorical variable, a significantly higher percentage of type I NAF was found among women in the highest quartile (estradiol level >97.5 pg/ml) compared to those in the lowest quartile ( <55.7 pg/ml), after adjustment for body fat mass, years since last complete pregnancy, and %-caloric intake from saturated fat (OR = 5.9, 95% CI from 1.3 to 27.7, P <0.01). In summary, Table 3 indicate that incremental changes of about 3 years since last childbirth (OR = 2.6), every 10 kg in total body fat mass (OR = 3.0), and every 5% in caloric intake from saturated fat (OR = 4.1) increased the odds of being type I secretors. It is noteworthy that there were strong correlations among some variables entered into the logistic regression models. Anthropometric variables were positively correlated with one another, with r values ranging from 0.22 to 0.93 (Pearson correlation, P <0.05). There were also strong correlations between parity and age at first childbirth (r = -0.47, P <0.001), and between age at first childbirth and years since last childbirth (r = -0.52, P <0.001). Age was also positively correlated with the variable ''years since last childbirth'' in the age range of our study subjects (r = 0.47, P <0.0001), which was significant in each of the regression models. This may be the reason why age was not an independent predictor in the multiple logistic regression models. In addition, history of breastfeeding was significantly associated with secretion type in univariate analysis, but was not a predictor that was independent of years since last childbirth in model 1. However, if the variable ''years since last childbirth'' was not included in the models, breastfeeding (OR = 16.0; CI: 3.0-84.1) was an independent predictor, while the influence of total body fat mass (OR = 2.2; CI: 1.1-4.4) and %-calorie from saturated fat (OR = 5.6; 95% CI: 1.7-18.5) on secretion types remained the same as when years since last childbirth was included. This may be because breastfeeding had a strong association with the ordinal variable ''years since last childbirth'' in our study. Women with fewer years since last childbirth were more likely to have a past history of breastfeeding (P trend <0.0001).
Discussion
Protein profiles of NAF are a potential source for the discovery of new breast cancer biomarkers. There is some limited evidence from the study of Vizoso et al. [6, 21] that both the prevalence and the prognosis of breast cancer may be related to a woman's NAF protein profile. Vizoso et al. found that recent childbirth was a strong predictor of NAF protein composition [24] . Other possible determinants for protein patterns in NAF have not, to our knowledge, been examined. We studied a variety of potential influences, such as reproductive history, hormones, nutrition, and body composition. We found that body fat mass (not body lean mass) and %-caloric intake from saturated fat are strong predictors of type I NAF and that their effects are independent of a recent history of childbirth.
Interestingly, other potential factors such as BMI and weight, that included body lean mass and differed in women with type I and II NAF in univariate analysis, were not independent predictors in multivariate analyses when body fat mass was a variable in the model. Of the various types of fat, only saturated fat had an influence on NAF protein profiles. Because body fat mass and fat intake had strong influences on NAF proteomes, the influence of circulating lipids, which can partly reflect fat intake, were also investigated. LDL was a weak predictor for secretion types in univariate analysis, but was not an independent predictor in multivariate analyses. Indices of thyroid function, e.g. T3, T4 and TSH, were not associated with NAF types, consistent with results previously reported by Vizoso et al. [25] . It was the total body fat mass, not body fat as a percentage of body weight, that independently predicted secretion types in multivariate analyses. Total body lean mass is also not a predictor of secretion type. These results suggest that dietary fat or fat stores have an influence on NAF protein profiles. Adipose tissue has recently been viewed as an endocrine organ, capable of synthesizing and secreting hormones (such as androgens, estrogens, and leptin), and cytokines (such as interleukin-6 and tumor necrosis factor-a) [26] [27] [28] [29] . These substances may act in a paracrine/autocrine manner to regulate breast fluid protein.
Because testosterone and progesterone were shown to up-regulate and estradiol to down-regulate ZAG, apoD and GCDFP-15 in breast cancer cell cultures [11] [12] [13] [14] [15] [16] , we hypothesized that levels of these hormones might be significant predictors for NAF protein profiles. However, no differences in levels of testosterone and progesterone were detected, and only estradiol was marginally higher in type I compared to type II secretors (P = 0.08) in univariate analyses. Nevertheless, in an age-adjusted logistic regression model, a significantly higher prevalence of type I NAF was found in women within the highest quartile of estradiol levels compared to those within the lowest quartile (P <0.01). These data suggest a threshold effect of circulating estradiol levels on NAF types. A more detailed dose-response study is needed to establish the relationship between estradiol and type I proteins. The weak stimulatory effect of estradiol for type I proteins observed in our human study, while not consistent with in vitro results from breast cancer cell culture studies, is in line with in vivo effects in rhesus monkeys where tamoxifen, an anti-estrogen, decreased the mRNA expression of apoD (a type I NAF protein) [17] . Considering the potential autocrine/paracrine effects, it is also possible that steroid levels in NAF, which were not measured in this study due to insufficient sample quantity, may be a better predictor of NAF profiles than hormone levels in serum.
ApoD and ZAG are involved in the metabolism and disposition of fat. ApoD is a component of the HDL complex and serves as a carrier protein for transporting cholesterol and other lipids from tissues via the blood stream to the liver for further metabolism and disposition. Liu et al. found an interaction of apoD with leptin receptor B in hypothalamic neurons, and an association of hypothalamic apoD expression with body fat and circulating levels of leptin [30] . ZAG is also a carrier protein for various hydrophobic molecules, including lipids, and is well recognized as a lipid mobilizing factor [31] . ApoD and ZAG may also regulate body fat accrual [30] , and their secretion into the circulation may be part of an effort to remove and metabolize excess fat [32] . These data are consistent with our finding that higher body fat mass and dietary saturated fat intake were associated with elevated levels of the two type I proteins, apoD and ZAG, in NAF.
The finding that recent childbirth was strongly associated with type II NAF (P <0.0001) is not surprising, since type II proteins are mostly milk-associated proteins. Our results are consistent with those of Vizoso et al., who reported that type II NAF was found mostly in women who had given birth within the last four years [24] . The prevalence of type II secretors, however, was higher in our study population (33%, Table 1 ), even after excluding women who had given birth within the last four years (20%, Table 1 ), when compared to the 9% reported by Vizoso et al.. This might be due to differences in the selection of study subjects. Our subjects were healthy women between 30 and 40 years of age, while Vizoso and coworkers selected subjects, from a hospital-based population, that were between 20 and 50 years of age. Current usage of oral contraceptives was also a predictor for type II secretion in the study of Vizoso et al., whereas we excluded current users of all contraceptive medications. In addition, our study showed that past usage of contraceptive medications did not affect the NAF protein profile.
The proteomes of type II NAF and breast milk are qualitatively similar, though there are quantitative differences (Figure 1 and Results). We found that caseins are more abundant than albumin in breast milk, whereas albumin was more abundant than caseins in type II NAF. Moreover, caseins were not always visible in type II NAF, suggesting a gradual shift from milk fluid to type II NAF after childbirth. This, coupled with the presence of a mixed type NAF, leads us to speculate that type I and type II NAF may not be a constant physiological state in women, and that longitudinal studies are needed to confirm this possibility. Our observation that breastfeeding per se is associated with differences in NAF protein profiles, but is not independent from years since last child birth is consistent with this potential time-dependent change from type II to type I NAF.
The few available studies examining proteins in NAF as potential breast cancer markers have found mixed and sometimes contradictory results. For example, GCDFP-15 has been proposed as a plasma marker of proliferative breast disease [33] , and was also found to be elevated in the serum of metastatic breast cancer patients [34] , but, in another study, it was reported to be decreased in the NAF of breast cancer patients [35] . This inconsistency may be simply attributable to a difference in the prevalence of type I NAF (which is positive for GCFDP-15) and type II NAF in the two study populations. The prevalence of the two NAF types is modifiable by pregnancy history, body fat mass, and dietary fat intake, as shown in our study, and by current usage of birth control medications and age, as was shown in other studies [24, 36] . This underscores the importance of a mechanistic understanding of the presence and relevance of type I and II NAF in pathological and physiological states of the breast before breast cancer biomarkers can be effectively identified.
The major strength of our study is a well-defined study population with a variety of variables available for analysis. However, because of the narrow age range of the study subjects who were all premenopausal, our findings may have limited applicability to postmenopausal women.
In conclusion, the secretion of NAF proteins was influenced strongly by body fat mass, reproductive history, dietary fat intake, and possibly by estradiol levels. Obesity is an important public health issue, and also plays a critical role in breast cancer risk. Studies with larger samples and longitudinal observations may help determine the relevance of body fat mass and NAF proteomes in breast cancer prevention and prognosis.
